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U.S. Marine Corps Training Recruits 
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*Naval Submarine Medical Research Laboratory, Groton, CT, USA; °Naval Hospital Beaufort, BHC, MCRD, Parris Island, SC, USA 


ABSTRACT 

Objective: The purpose of this fit-testing study in the field was to systematically compare three Hearing 
Protection Device (HPD) fit-training methods and determine whether they differ in the acquisition of HPD 
fitting skill and resulting amount of earplug attenuation. 

Design: Subjects were randomly assigned to receive HPD fit-training using one of three training methods: 
current, experiential HPD (eHPD), and integrated. Personal Attenuation Ratings (PARs) were acquired via 
HPD fit-testing and used to verify attenuations pre- and post-training. 

Study Sample: US Marine training recruits (n= 341) identified via HPD fit-testing for remedial HPD fit- 
training and assigned to three cohorts. 

Results: The post-training HPD fit-test passing rate differed by training method, with pass rates ranging 
from 50% (current) to nearly 92% (eHPD). The difference between group delta PAR values were signifi- 
cantly higher (>9 dB) in both the eHPD and integrated methods compared to the current method. 
Conclusion: The HPD fit-training methods that teach “what right feels like’ (eHPD and integrated) pro- 
vided a greater number of trainees with the skill to achieve noise attenuation values required for impulse 
noise exposures encountered during basic training. The attenuation achieved by those methods was sig- 
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nificantly greater than the current training method. 


Introduction 


Noise induced hearing injury (NIHI, i.e. hearing loss, tinnitus) is 
a work place injury that affects numerous Service Members 
(SMs) across all branches of service. During a sampled three year 
period, over 85,000 medical encounters for NIHI were docu- 
mented among the US military population (Helfer et al. 2010). 
The increased risk of hearing loss among military SMs has been 
well documented throughout the literature (Abel 2008; Ahroon, 
Hill and Goodes 2011; Karch et al. 2016; Wells et al. 2015; Yong 
and Wang 2015). Although NIHIs are preventable, the US. 
Department of Veterans Affairs reported NIHIs hearing loss and 
tinnitus as the top two service-connected disabilities in Fiscal 
Year 2018 (Veterans Benefits Administration 2019). 

The issuance of hearing protection devices (HPDs) is a com- 
mon way to reduce the risk of NIHI at the individual level. In 
the U.S. military, in-ear HPDs (i.e. earplugs) are one of the most 
widely used hearing protector types. In fact, the amount of 
attenuation achieved by the user has been reported to be influ- 
enced by the properties of the HPD in addition to the skill of 
the user to fit the issued earplug (Tikka et al. 2017). Therefore 
fitting (to ensure proper size) and training the individual user 
are essential to ensure the SM is effectively protected from noise- 
induced hearing loss. 

Ample evidence indicates that when properly fitted, earplugs 
are effective at attenuating noise (Federman and Duhon 2016; 
Paakkonen et al. 2000). The amount of earplug attenuation (in 
dB) achieved by users in the real world has been reported to be 


associated with insertion depth, earplug shape and material, the 
anatomical characteristic of the ear/head, and fitting techniques 
(Berger 2013; Joseph et al. 2007; Murphy et al. 2011; Samelli 
et al. 2018; Tufts, Chen and Marshall 2013). For example, Tufts 
et al. (2013) found that, the deeper a custom earplug is inserted, 
the greater the amount of achieved attenuation by the user. 
Similarly, Berger (2013) reported that the amount of attenuation 
a foam earplug affords its user is influenced by both the depth 
of its insertion and its physical shape (e.g. tapered, cylindrical). 
Samelli et al. (2018) reported higher PAR values when foam ear- 
plugs were used compared to that of pre-molded earplugs. In 
addition, Berger (1996a) reported that less than 10% of employ- 
ees likely have ear canals that vary in size, and to achieve proper 
fit, these persons would likely require use of two different 
sized earplugs. 

Previous studies of military training recruits have reported a 
portion of the sampled population was unable to achieve the target 
attenuation with the issued standard earplug and required an alter- 
nate HPD (Federman and Duhon 2016; Paakkonen et al. 2000). 
Specifically, utilising a field attenuation estimation system (FAES) 
to verify physical fit, ie. by measuring the amount of attenuation) 
Federman and Duhon (2016) found that, among a cohort of 320 
USMC training recruits, 15% failed to achieve the minimum target 
attenuation when using a standard issued, one-size-fit-all foam ear- 
plug when fit by an expert. Once an alternate sized earplug was 
provided, all users were able to achieve at least the minimum tar- 
get PAR value set at 25dB. Paakkonen et al. (2000) reported 
among a sample of 95 military conscripts, approximately 9% were 
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unable to achieve an attenuation that might reduce their risk for 
acquiring hearing loss. Considering the reported ear canal sizes 
range in diameter from 7 to 11mm in the studied cohort, proper 
earplug sizing remains a factor impacting proper fit of an earplug 
even for one-size-fits-all options. 

While proper HPD use may not be intuitive to users, training 
and instruction on proper fit and use in both individual and 
small group settings can positively influence both the amount of 
attenuation achieved and the amount of time the device is used 
(Joseph et al. 2007; Liu and Yang 2018; Murphy et al. 2011; 
Salmani Nodoushan et al. 2014; Toivonen et al. 2002; Tsukada 
and Sakakibara 2008; Williams 2004). HPD fit training can be 
delivered using photographic, infographic, written, video or 
multimedia technology either in group or one-on-one settings. 
Instruction techniques can also include a physical demonstration 
of proper fit with the instructor either fitting the HPD on them- 
selves or on the user. 

Previous research indicates that without training on the proper 
insertion techniques for the issued HPD, a user is likely to have 
difficulty obtaining the device’s advertised noise reduction rating 
(NRR) (Murphy et al. 2011). Joseph et al. (2007) reported finding 
a statistically significant difference in the skill to don an earplug 
after training (both one-on-one and small group) was provided. 
When comparing instruction methods for proper insertion tech- 
niques delivered to inexperienced users, one-on-one verbal 
instructions provided by an expert resulted in greater achieved 
attenuation (up to 16dB) than with manufacturer written/info- 
graphic instructions alone (Williams 2004). Gong et al. (2019) 
reported that among noise-exposed workers, one-on-one instruc- 
tion resulted in a difference (post-training minus pre-training 
PAR values) of 14dB, which was stated to be statistically signifi- 
cant (p <0.05). Toivonen et al. (2002) reported that use of a 30- 
min group lecture with a supervised practice session (including 
one-on-one instruction if needed) achieved mean attenuation 
roughly 6-10 dB higher than a control group who did not receive 
training before HPD fit-testing. Similarly, Murphy et al. (2011) 
reported that individualised expert instruction resulted in a 
greater amount of attenuation achieved by the user than either 
written manufacturer instruction or _ instructional video. 
Furthermore, Federman and Duhon (2016) found a significant 
increase in mean attenuation among military training recruits 
after they received a short one-on-one fit-training during which 
an expert explained the fitting-process step-by-step while the 
recruit was fit with the HPD. This increase in attenuation from 
baseline was observed when the training recruit then self-fit the 
HPD immediately following the training session. 

To assess the attenuation achieved by an HPD (and to deter- 
mine the effectiveness of fit-training), an HPD user is fit-tested. 
Individual HPD fit-testing has been identified by the OSHA- 
NHCA-NIOSH Alliance and the US Department of Defense 
(DoD) as a “best practice” in hearing conservation programmes 
(OSHA 2008; U.S. Department of Defense 2019). HPD fit-testing 
is a method to measure earplug attenuation either subjectively or 
objectively depending on the test system. Use of test systems that 
are designed as a subjective psychoacoustic measure, user 
response and identified threshold can vary based on the listener's 
state of arousal, background noise and masking effects from 
physiologic noise (Nélisse et al. 2015; Samelli et al. 2015). One 
method of fit-testing that is widely used to measure HPD attenu- 
ation in individuals is field-attenuation estimation system 
(FAES). FAES testing provides a single quantitative value called 
the personal attenuation rating (PAR). PAR reflects both the 
inherent attenuation properties of the HPD as well as the real- 


time user’s fit of that HPD. The PAR is the amount of attenu- 
ation attained by an HPD user and calculated by the FAES (Voix 
and Hager 2009). 

When implemented in a HCP, HPD fit-testing can serve as 
a teaching tool, training and instruction aid, or verification 
measure. As a teaching tool, fit-testing can facilitate conversa- 
tions concerning HPD attenuation, PAR values and their 
meaning, and proper fitting techniques (Smith, Monaco and 
Lusk 2014). Marshall et al. (2016) recommended individual 
fit-testing in order to verify how well each and every dis- 
pensed earplug protects the user. Since achieved attenuation 
is influenced in part by the physical fit of the earplug in the 
ear, Hager (2011) recommended the use of fit-testing to select 
the HPD. Federman and Duhon (2016) provided proof-of- 
concept that fit-testing can be successfully used on a large 
scale (n=320 USMC training recruits) as a verification tool 
after HCP training to quantifiably measure the amount of 
attenuation achieved by individuals after they have either fit 
themselves or been fit by an expert. 

Visual inspection of the insertion of an earplug has been 
reported to be the “least accurate method” to assess the qual- 
ity of HPD fit. This was reported first by Berger (1996b), and 
most recently by the Council for Accreditation in 
Occupational Hearing Conservation (Suter 2007). Supporting 
evidence is lacking in the literature for the assumption that a 
visual inspection of HPD fit is a reliable indicator for attenu- 
ation achieved. Without verification of HPD attenuation, 
there is no method to determine that the issued HPD is 
adequately protecting individual recruits or SMs from hazard- 
ous noises commonly experienced in military training and 
combat environments. 

The goal of this study was to systematically compare three 
HPD fit-training methods (current, eHPD, and _ integrated). 
Specifically, this study was designed to investigate whether these 
three HPD fit-training methods alter USMC training recruits’ 
ability to adequately fit a foam earplug designed for use during 
basic training. Moreover, it was of interest to determine which 
fit-training method resulted in the largest skill improvement if a 
significant difference was observed. 


Methods 


This study was reviewed by the Naval Submarine Medical 
Research Laboratory Institutional Review Board and was deter- 
mined not to be human subject research. Instead, the study was 
determined to be a study investigating military programme 
improvement. 


Participants 


In order to obtain approximately 100 participants in each of the 
three HPD fit-training cohorts, a total of 821 U.S. Marine Corps 
(USMC) training recruits located at the USMC Marine Corps 
Recruit Depot (MCRD), Parris Island completed a “baseline” fit- 
test. Only those who failed the test were included in subsequent 
training method cohorts. Prior to the study, all recruits had 
received a standard hearing conservation programme (HCP) 
orientation in accordance with DoD Instruction 6055.12 (2010) 
and Marine Corps Order 6260.3 A (Commandant of the Marine 
Corps, 2016) as part of their basic training. The amount of time 
between the HCP orientation and the “baseline” initial self-fit 
(ISF) fit-test varied by participant, while the studied training 
methods (current, eHPD, integrated) occurred the same day as 


“baseline” ISF testing. Prior to study inclusion, any recruit iden- 
tified via otoscopy as requiring cerumen removal received an ear 
lavage in accordance with standard procedures at MCRD, 
Parris Island. 

The range and frequency (in percent) of baseline (ISF) PAR 
values (in dB) for all participants (1 = 798) who completed either 
the training (n=321) or whose ISF exceeded the 25.0dB PAR 
(n= 477) are shown in Figure 1. The solid vertical line indicates 
the study pass-fail criterion level of 25.0dB. Those participants 
who were able to achieve at least the minimum target attenu- 
ation at their baseline fit-test using the issued foam earplug were 
excluded from further participation and excused from any add- 
itional training (n = 477). 


Frequency Percent 


i) 


-10.0 0 10.0 20.0 30.0 


ISF PAR (in dB) 


Figure 1. Histogram showing initial self-fit (ISF) personal attenuation ratings 
(PARs) in decibels (dB) achieved (i.e. baseline) for all recruits by percent 
(n = 798). Note: Not included here are the ISF PAR values of the 23 participants 
who were excluded. The solid vertical line indicates the study pass-fail criterion 
level of 25.0 dB. 
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As shown in Figure 2, those training recruits who failed to 
achieve the minimum target PAR of 25.0dB (n= 344) were ran- 
domly assigned to one of three training formats: current 
(n=113), experiential HPD (eHPD) fit-training (n=114), and 
an integrated training approach (n=114). Three qualified train- 
ing recruits whose ISF PAR values were less than 25.0dB were 
not assigned a training cohort, and therefore were subsequently 
excluded prior to data collection. The data from a total of 20 
recruits were excluded from analyses after completing the study 
assigned training. Reasons for exclusion were: fit-testing was 
completed with an alternate earplug (n=11), could not be suc- 
cessfully expert fit (EF) with the issued foam earplug (i.e. PAR > 
25.0 dB) during either the eHPD (n=4) or integrated fit-training 
(n= 3) methods, and did not complete training therefore result- 
ing in incomplete data sets (n=2). 


Equipment 


All participants completed testing using the same tapered foam 
earplug (Moldex Camo Plugs’), a one-size-fits-all disposable 
with a manufacturer reported NRR of 33dB. Each participant 
was provided with a new set of foam earplugs for each fit-test 
(i.e. initial self-fit (ISF), expert fit (EF), and self-re-fit (SRF)). 
The FAES used for data collection was a commercially available 
software-based HPD fit-test system (FitCheck Solo™, Michael & 
Associates, Inc., State College, PA). The fit-test system used in 
this study is capable of measuring 125-8000 Hz binaurally or ear 
specific, and is an adaptation of the laboratory-based Real Ear 
Attenuation at Threshold (REAT) test (American National 
Standards Institute, 2018). The video training materials used in 
both the current and integrated methods were from the Military 
Hearing Preservation (MHP) Toolkit (Sensimetrics Corporation, 
Gloucester, MA). Statistical analyses were completed using a 
commercially available statistical software package (IBM SPSS 
Statistics, Version 23). 
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Video Instruction 





Self Re-Fit 
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Figure 2. Study design flow chart. Note. Of the 344 participants who qualified, 341 were randomly assigned a training method. A total of 20 participants were 
excluded during training for various reasons (e.g., use of an alternate earplug [current n= 2, eHPD n=5, integrated n= 4], an expert fit PAR value < 25.0dB [eHPD 
n=4, integrated n= 3), and not completing the assigned training [integrated n= 2], which resulted in a data set of 321 participants (i.e., current n=111, eHPD 


n= 105, integrated n= 105). 
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Procedures 


All participants completed an initial “baseline” (ISF) three-frequency 
(500, 1000, and 2000 Hz) fit-test with the project issued foam ear- 
plug (as shown in Figure 2). To account for order effect in obtain- 
ing the ISF PAR values, occluded and unoccluded threshold testing 
was counterbalanced. Determination of order was based on ran- 
dom assignment. Only those persons who donned the issued foam 
earplug and achieved a PAR of less than 25.0dB were randomly 
assigned (n= 341) to one of the three training formats (current 
n=114, eHPD n=113, or integrated n=113). To measure the 
immediate effect of training, a post-training fit-test was completed 
directly after training was concluded. 

To determine each participant's PAR value, and in accordance 
with Federman and Duhon’s (2016) recommendation for fit-test 
paradigms, a three-frequency (500, 1000, and 2000 Hz) binaural 
test protocol was utilised for all fit-tests. The differences between 
unoccluded (i.e. without earplugs) and occluded (i.e. with earplugs) 
threshold values are automatically calculated by the FAES, which 
then outputs an overall PAR value (Hager 2011). For further infor- 
mation regarding the mathematical calculation of PAR values, the 
interested reader is encouraged to review the ANSI standard 
(2018) that details FAES and PAR (ie. ANSI $12.71 — 2018 
“Performance Criteria for Systems that Estimate the Attenuation of 
Passive Hearing Protectors for Individual Users”). 

Per U.S. Department of Defense (2015) Military Standard 
1474E (2015), “... peak-pressure levels of impulsive noises shall 
be less than 140 dBP, at the ear (protected or unprotected), at all 
personnel locations during normal operations (8).” The M4 car- 
bine rifle, which is used during basic training, is the most com- 
monly issued small carbine rifle weapon system utilised by the 
US. Military (Gaston and Letowski 2012; U.S. Army Public 
Health Command 2014). When measured 15 centimetres from 
the shooter’s ear, the M4 emits an average peak sound pressure 
level (SPL) of approximately 165 dBP when standing and fired 
without use of a suppressor (U.S. Army Public Health Command 
2013). Therefore, all SMs and training recruits who fire this 
weapon should achieve a minimum PAR of at least 25.0dB with 
their issued HPD in order to reduce their impulse noise expos- 
ure level to less than or equal to 140 dBP, as required by 
MILSTD 1474E. To reduce a subject’s exposure to below 140 
dBP, and to be in accordance with the study completed by 
Federman and Duhon (2016), the target minimum PAR of the 
current study was set at 25.0 dB. 


Training methods 


The current training method was a 30-min proctored session 
that utilised military focussed hearing conservation video train- 
ing modules from the MHP Toolkit, and was intended to repre- 
sent the standard hearing conservation training given in DoD 
occupational settings. Those participants assigned to this group 
watched the video modules in small groups of up to six persons. 
Upon completion of the current training, participants refit their 
issued HPD (i.e. Self-Re-Fit [SRF]) and completed a post-training 
fit-test. 

The MHP video modules selected for use were independently 
chosen by a group of subject matter experts, comprised of senior 
audiologists from the DoD and Hearing Centre of Excellence. 
The chosen video modules were determined to be representative 
of what is required by DoD Instruction 6055.12 (US. 
Department of Defense 2010). Specifically, annual hearing con- 
servation training must cover: the effect of noise on hearing, the 


purpose of HPDs (including how to report concerns on HPD fit 
and use), the different types of HPDs (including advantages and 
disadvantages to each), how to select, fit, use, and care for their 
HPD, overview of regulations and mandates that require the use 
of HPDs (including administrative actions for failure to use), the 
purpose of audiometric testing, what one can expect during an 
audiometric test, how hearing loss impacts quality of life (on and 
off the job), and the importance of using HPDs when exposed to 
hazardous noises. The MHP toolkit allows users to select infor- 
mational multimedia videos that cover general information, how 
to use and don HPDs, in addition to disproving common myths 
regarding hearing, hearing loss, and/or HPDs (Watts, Welles and 
Zurek 2018). In order to simulate the typical standard hearing 
conservation programme (HCP) orientation, the video modules 
used in the studied training methods included approximately 
5 min of time dedicated specifically to fit-training. 

The experiential HPD (eHPD) fit-training technique provided 
an expert fit (EF) of the issued earplug immediately followed 
with a fit-test to measure the HPD attenuation achieved by the 
expert. The EF is a brief (approximately 30s) one-on-one train- 
ing session where the expert describes and demonstrates the 
proper roll-down and insertion technique of the issued earplug 
that includes the expert inserting the earplug into the end- 
user's ears. 

Participants who achieved an EF PAR greater than or equal 
to 25.0dB were instructed to remove the earplug and to then 
replicate the fitting they just experienced by refitting the earplug 
themselves. We have named this the Self Re-Fit, or SRF. A final 
fit-test was then completed to document the PAR achieved. In 
the cases where the EF PAR was less than 25.0 dB, the assump- 
tion was made that the issued earplug could not be successfully 
fit for that participant, and an alternative HPD was required. 
Once an alternate HPD was selected and fit by the expert, the 
amount of attenuation was then verified with another fit-test. 
The PARs obtained from these participants were excluded from 
data analyses. 

The third training format studied was an integrated approach 
that utilised both the eHPD fit-training technique and current 
video instruction. This approach was approximately 35min in 
duration. To account for order effect, approximately half of the 
integrated training cohort watched the current training video in 
a small group first then completed the eHPD fit-training. The 
other half of participants completed the eHPD fit-training first, 
then viewed the current training video in small groups. 

The pass-fail rate for PAR values acquired immediately post- 
training (SRF) were calculated for each training format investi- 
gated. Post-training pass rates were compared using a chi-square 
analysis to determine whether there was a relationship between 
fit-training method and fit-test pass rate. The difference in 
attenuation achieved (i.e. delta PAR) was calculated for each par- 
ticipant (n=321) by subtracting the participants’ pre-training 
(ISF) PAR value from their post-training (SRF) PAR value. Delta 
PAR was compared between fit-training formats using one-way 
analysis of variance (ANOVA). Post-hoc tests were completed as 
appropriate. Statistical analyses were conducted using commer- 
cially available software (IBM SPSS Statistics, Version 23). The 
alpha level of 0.05 was used to determine statistical significance. 


Results 


Of the 821 training recruits who completed the initial self-fit (ISF) 
fit-test, 344 (or 42%) failed to achieve the minimum target PAR 
value (i.e. 25.0dB). As shown in Figure 2 and Table 1, of these 344 


Table 1. Pass/fail rate by training method pre- and post-training. 


ISF SRF 
n Pass n (%) Fail n (%) Pass n (%) Fail n (%) 
Current 111 0 (0) 111 (100) 56 (50) 55 (50) 
eHPD 105 0 (0) 105 (100) 97 (92) 8 (8) 
Integrated 105 0 (0) 105 (100) 88 (84) 17 (16) 
TOTAL 321 0 (0) 321 (100) 241 (75) 80 (25) 


Note. The ISF count does not include the 20 persons who were excluded from 
final analysis. The “Pass” criterion was a PAR value of 25.0 dB. 


participants, 341 were randomly assigned to one of three studied 
HPD fit-training methods (current, eHPD, and _ integrated). 
Immediately after completing the assigned fit-training, participants 
completed a post-training (SRF) fit-test. Data from 20 participants 
were excluded from further analyses, as described in the Methods 
section, resulting in a total sample size of 321 participants (current 
n=111, eHPD n= 105, integrated n = 105). 

The chi-square analysis revealed a significant association 
between the fit-training method and post-training (SRF) pass 
rates (X* (2) = 57.06, p<.0.001). As shown in Table 1, the meas- 
ured pass rate (>25.0dB PAR) for the remaining 321 partici- 
pants by training method was: 50% (56 of 111) for the current, 
92% (97 of 105) for the eHPD, and 84% (88 of 105) for the inte- 
grated fit-training formats. Conversely, 80 of the 321 (or 25%) 
recruits who completed the study were unable to achieve a post- 
training (SRF) PAR value greater than 25.0dB. By training for- 
mat, that was: current = 55, eHPD = 8, and integrated = 17. 
All participants whose post-training PAR was below the target 
minimum were re-instructed utilising the EHPD fit-training 
method, were allowed to refit the current issued earplug and com- 
plete an additional fit-test, were issued an alternative earplug, and/ 
or were recommended to use earmuffs when no in-ear product 
could be successfully fitted. Recorded PARs (ISF, EF when applic- 
able, and SRF) by participant for each training format is shown in 
Figure 3. Figure 3(A) shows the individual PAR values for the cur- 
rent fit-training format, A3(B) shows the eHPD fit-training, and 
3(C) shows the integrated fit-training approach. The results are 
rank ordered by the ISF PAR value, with each vertical column rep- 
resenting the results from a single participant. The solid horizontal 
line shows the target attenuation of 25.0dB, and the horizontal 
dashed line indicates the earplug’s NRR (33 dB). 

The difference between same day pre- and post-training PAR 
values, or delta PAR, was calculated for each participant. The 
lowest calculated difference was —20.4 and the highest was 
48.7 dB. Descriptive statistics for all three training formats is 
reported in Table 2. A one-way ANOVA showed a significant 
difference for delta PAR among the three fit-training methods 
(F, = 23.341, p< 0.001, Np = 0.13). A Bonferroni post-hoc ana- 
lysis revealed that the delta PAR calculated after completing the 
current fit-training method was significantly lower than both the 
eHPD and integrated fit-training methods (p < 0.001). As shown 
in Table 2, the mean delta PAR for the current training format 
was 9.3dB less than the eHPD delta PAR and 9.4dB less than 
the integrated fit-training method. The difference between the 
eHPD and integrated fit-training methods (0.1 dB) was not found 
to be statistically significant (p = 1.0). 


Discussion 


Baseline fit-testing (ISF) was used to measure over 800 training 
recruits’ ability to fit the standard issued foam earplug after 
receiving the current military HPD fit-training orientation pro- 
vided during the first week of basic training. Of the 821 recruits 
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tested, 477 (58%) were able to achieve or exceed the minimum 
target PAR value of 25.0dB. Since this study was designed to 
investigate the immediate effect of training for those persons 
who otherwise would be at risk in a noise hazard environment 
(like that of a firing range), the recruits who could achieve 
adequate attenuation were excused and not provided remedial 
training. A future line of inquiry would be to investigate the 
short-term effect of these training formats among persons who 
demonstrate competence over time to see if remedial training 
improves or helps maintain achieved skill. 

Only those who were unable to achieve the target PAR of 
>25.0dB were randomly assigned to one of three fit-training 
formats. Specifically, of the 821 training recruits tested, 344 
(42%) failed to achieve the minimum target attenuation of 
25.0dB with the issued foam earplug. This fail rate was larger 
than that observed by Federman and Duhon (2016). However, 
by excluding those participants (n= 23) who were not assigned 
to a training method, did not complete a training paradigm, or 
who were tested with an alternate earplug, the overall number of 
training recruits included in the study's final analyses reduced to 
321. This reduced the fail rate to 39%, which is similar to the 
Federman and Duhon (2016) reported 35% fail rate among USMC 
training recruits approximately two-weeks after initial HPD fit- 
training was provided. Similarly, in studies of non-military indus- 
trial workers such as oil-rig inspectors, the fail rate of employees 
who were unable to achieve the minimum target attenuation of 
25.0dB at baseline was roughly 40% (Murphy, Themann and 
Murata 2016). 

Although the low ISF PAR values were likely the result of 
inadequate personal fitting techniques in most cases, this study 
revealed that approximately 5% of qualified participants who 
were randomly assigned to one of the three training methods (18 
of 341), the influencing factor for poor fit was the size of the 
issued foam earplug (Moldex Camo Plugs’). Similarly, 6% of the 
total population of recruits (46 of 821) tested in this study were 
found to require an alternate HPD (other earplug, n= 42; ear- 
muffs, n=4) either by fit-test or expert opinion. This finding 
falls within the 4 to 14% reported range from other studies of 
military recruits and conscripts who were unable achieve an 
adequate fit with a commonly issued earplug (Federman and 
Duhon 2016; Paakkonen et al. 2000; Toivonen et al. 2002). 
Results from those studies suggest that more than 90% of train- 
ing recruits with proper fit-training are able to achieve an 
adequate fit and attenuation with the standard issued device. 
Suggesting in large military populations, the anatomical charac- 
teristics of the ear canal can vary wide enough that an earplug 
size must be considered, as a one-size-fits-all earplug is likely not 
appropriate for 100% of SMs. 

It is well understood that the method to address poor HPD 
fitting techniques is additional or remedial training. As shown in 
Table 1, the current study found a short-term (immediate) effect 
of training (regardless of type) with an overall SRF pass rate of 
75% (241 of 321) in a group where prior to training (i.e. ISF) 
the pass rate was 0%. A total of 80 persons remained in the fail 
category (current n=55, eHPD n=8, integrated n=17) post- 
remedial training. The persistent inability to score at or above 
the target PAR could be due to a number of factors. 
Additionally, the higher rate of fails in the current method 
cohort may be tied to persons continuing to test and fit an ear- 
plug that is the incorrect size for their ear. This cohort did not 
receive an expert fit, and therefore did not have the ability to 
verify with an expert that the target PAR value was achievable. 
However, it should be noted that, although high, the observed 
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Figure 3. Attenuation achieved by participant rank ordered by ISF PAR values. Three figures are provided one for each training format: (A) current (n= 111), (B) 
eHPD (n= 105), and (C) integrated (n = 105). Note. PAR values obtained for ISF (diamonds), EF (triangles), SRF (circles), target PAR (horizontal dark solid line, 25.0 dB), 
and earplug NRR (horizontal dashed line, 33.0 dB) are shown. Each vertical line connects the PAR values for an individual participant. 


Table 2. Means and standard deviations of measured PAR values and 
Delta PAR. 


n ISF SRF Delta PAR 
Current 111 16.7 (7.3) 25.2 (10.8) 8.5 (11.9)* 
eHPD 105 16.4 (7.5) 34.1 (7.2) 17.8 (10.5) 
Integrated 105 15.6 (7.9) 33.5 (9.6) 17.9 (12.5) 


Note. Delta PAR is the mathematical difference between the SRF PAR and ISF 
PAR. *Post-hoc analysis revealed that Delta PAR for the current fit-training 
method was significantly lower than the other two training meth- 
ods (p < 0.001). 


post-training fail rate (50%) for this group is consistent with 
other reported fail rates occupational HPD  fit-trainings 
(Federman and Duhon 2016; Murphy, Themann and 
Murata 2016). 

Post-training fit-tests revealed a wide range in the achieved 
attenuation by participants across all training methods (—0.3 to 
52.6 dB). Variability in response was expected, as the HPD fit- 
test used in this study was a psychoacoustic subjective measure 
of hearing, and the PAR is a calculated value of attenuation 
achieved (Nélisse et al. 2015). A total of 241 participants were 
able to demonstrate the skill of inserting and completing 
the HPD fit-test to achieve attenuation that met or exceeded the 
study criterion PAR of 25.0, of which 146 participants were able 
to achieve (or exceed) the earplug NRR of 33.0dB. These high 
positive PAR values may provide users over protection, but we 
cannot say that with any certainty. However, the additive effects 
and exposure level of more than one round of weapon fire in 
addition to more than one shooter firing at (or near) the same 
time is beyond the scope of this paper, and both scenarios are 
likely on a weapons firing range in a training environment. 

When investigating by training method, a trend in the pass/ 
fail rate distribution at the SRF is discernable (see Table 1). 
Immediately post-training (SRF), a total of 80 participants 
achieve a PAR value of less than the 25.0 dB criterion. Of these 
80 participants, 69% (55 of 80) completed the current fit-training 
method. This is in comparison with a continued fail rate at the 
post-training (SRF) fit-test of 10% (8 of 80) for those who com- 
pleted the eHPD training method, and 21% (17 of 80) of those 
who completed the integrated fit-training method. These results 
indicate that, not only are the largest percentage of post-training 
fail rates occurring in the current training group (50%), the 
majority of persons who remain unable to achieve a passing 
score are also in the current group (69%). Future studies should 
investigate the long-term effect of these fit-training methods. 

Delta PAR was calculated (post- minus pre-training PAR) for 
each participant, and used as the metric of change. Both the eHPD 
and integrated fit-training formats resulted in a statistically signifi- 
cant increase in achieved attenuation immediately post-training 
compared to the current military HPD fit-training method. 
Calculated delta PAR values were found to range from —20 to 
48 dB. A negative delta PAR value indicates that the post-training 
SRF PAR values were lower than the measured ISF PAR value. 
Possible explanations for this occurrence include: poor fit-technique, 
inattention of the listener, and tester error either in isolation or 
combination. For example, a score of —20 is possible if (a) the 
post-training SRF is roughly 20 dB less than the ISF; (b) if the post- 
training SRF occluded thresholds were similar to the unoccluded 
thresholds, indicating a poor fit of the earplug; and (c) if the tester 
failed to recognise and retest the listener. 

The results from this study failed to detect a difference in 
user achieved attenuation immediately post-training (i.e. delta 
PAR) among recruits who completed the eHPD and integrated 
fit-training method. Specifically, by utilising either training 
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method, the expert (i.e. audiologist or hearing conservation tech- 
nician) could successfully train recruits to don their issued HPDs 
and achieve adequate attenuation for weapons firing. The great- 
est difference between these two training methods would be the 
amount of time spent by the expert per recruit or SM. The 
eHPD method, as detailed above, is a brief one-on-one training 
method that can be accomplished in less than 1 min, while the 
integrated method utilised a proctored 30-min video presented 
in a small group setting paired with the one-on-one 30s eHPD 
method. Worthy of note is that both training methods (eHPD 
and integrated) utilised a binaural three-frequency fit-test in 
order to validate the fit achieved by the user. Each fit-test is 
approximately 6 min per person. Therefore with training and val- 
idation, the difference between the two methods is approximately 
30min (7min for the eHPD method compared to the 37 min 
integrated method). 

The eHPD fit training method is based on experiential learn- 
ing theories. That is, experiential learning uses experience to 
teach a new skill rather than a traditional lecture to a group or 
classroom setting (Taylor and Hamdy, 2013; Yardley, Teunissen 
and Dornan 2012). It is a cycle of learning in which the learner 
experiences an event, reflects upon what just occurred, and repli- 
cates the action, both to demonstrate what was learned in a new 
environment but also to create another experience (Kolb and 
Kolb 2005). With regards to implementation in occupational 
health and safety, experiential training paradigms have received 
some research attention. For example, Burke et al. (2011) found 
that highly engaging safety training methods (i.e. experiential 
based) have been found to be more effective than less engaging 
methods (e.g. lectures) in increasing knowledge acquisition and 
safety performance. Burke et al. (2011) also reported the motiv- 
ation of the learner to acquire the knowledge provided in the 
safety brief is partly based on the perceived severity of the haz- 
ard. Additionally, Smith et al. (2014) reported that these experi- 
ential effects are teaching moments in which users can be 
instructed on proper HPD fitting. 

According to Fowler (2008, 431) experiential learning is facili- 
tated by three components: (a) “external intervention of a ‘teacher’ 
to provide an experience be it real or vicarious, and then prompt- 
ing reflective questions, thoughts, and action”, (b) “deliberate 
action of the student to combine the experience and reflection, 
which is driven by the student’s own inner motivation”, and (c) 
“interaction of a third party or action” (e.g. asking questions for 
clarification). eHPD fit-training incorporates all three components 
described by Fowler (2008). Specifically, eHPD training provides 
the learner with one-on-one interaction with an expert (i.e. 
teacher) who provides the experience of donning an issued HPD. 
This interaction includes a verbal step-by-step instruction plus a 
physical demonstration of the proper insertion technique for the 
device being issued. Lastly, the learner is fit by the expert (i.e. 
Expert Fit [EF]) with their issued HPD, allowing for the experi- 
ence of what a correctly fit HPD feels like and how much quieter 
the ambient environment is while the HPD is donned properly. 
At any point during this instruction period, the recruit can (and 
is encouraged to) ask questions for clarification. A confirmatory 
fit-test with the earplugs that were fit by the expert (EF) provides 
the recruit with a quantitative PAR value that shows the amount 
of attenuation possible with the proper fit of the issued device. 
Immediately following the EF and fit-test, the recruit is asked to 
remove and reinsert (i.e. Self-Re-fit [SRF]) the earplug as s/he just 
experienced it and complete a final fit-test. This final fit-test is 
called the SRF fit-test, and it provides the recruit with a quantita- 
tive value as to their achieved attenuation. The resulting SRF fit- 
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test attenuation values also provide quick feedback to the user as 
to whether s/he has acquired the skill to replicate the EF. 

Federman and Duhon (2016) concluded that improper fit at 
the time of hearing conservation training was likely due to fac- 
tors such as poor understanding of what a proper HPD fit 
should feel like or being unaware of proper insertion techniques. 
As demonstrated in this study, these challenges may be 
addressed and eliminated by briefly showing the individual how 
to properly fit the earplug and verify their fit using a FAES fit- 
test. Additionally, using the eHPD fit-training method described 
herein, which is based on experiential learning theories, a recruit 
will experience how a properly fitted device both feels and 
sounds (“what right feels like”) thereby providing a frame of ref- 
erence that s/he can replicate. 


Conclusion 


The goal of this study was to investigate whether HPD fit-training 
methods (current, eHPD, or an integrated approach) would alter 
USMC training recruits’ immediate ability to fit and achieve 
adequate attenuation with a standard issued foam earplug. The use 
of the eHPD fit-training method (either alone or in combination 
with the current method) resulted in a higher percentage of the 
population (by 42 or 34%, respectively) able to achieve the min- 
imum target attenuation immediately post-training. Additionally, 
of those who completed the eHPD fit-training method (either 
alone or integrated) were able to fit and achieve a higher attenu- 
ation (by 9dB on average) compared to the current HPD fit-train- 
ing method. 
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